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ABSTRACT 

Context. Properties of galaxies depend on their large-scale environment. As the influence of active galactic nuclei (AGN) in galaxy 
evolution is becoming more evident, their large-scale environments may help us understand the evolutionary processes leading to 
activity. The effect of activity can be seen particularly by showing whether different types of active galaxies are formed by similar 
mechanisms. 

Aims. Our aim is to study the supercluster-scale environments of active galaxies up to redshift 0.4. Our data include quasars, BL Lac 
objects, Seyfert, and radio galaxies. 

Methods. We used a three-dimensional, low-resolution luminosity-density field constructed of a sample of luminous red galaxies in the 
seventh data release of the Sloan Digital Sky Survey. We calculated the average density of this field in a volume of a 3 /r'Mpc sphere 
around each AGN for estimating the environmental density levels of different types of AGN. This analysis gives us the distribution of 
AGN in the global environment of superclusters, filaments, and voids. 

Results. Our results show that, while radio-quiet quasars and Seyfert galaxies are mostly located in low-density regions, radio galaxies 
have higher environmental densities. BL Lac objects usually have low-density environments, but some of them are also in very high- 
density regions. 

Conclusions. Our results give support to the theory of galaxy evolution where galaxies are affected by two modes of AGN feedback: 
quasar mode that turns a blue star-forming galaxy into a red and dead one, and radio mode that regulates the growth of massive 
elliptical galaxies. We conclude that quasars are in lower density environments than radio galaxies, most likely because the galaxies 
in rich environments have evolved to a state suitable for radio-loud activity earlier. Galaxies in poor environment have evolved more 
slowly, and are still going through the earlier quasar-mode feedback in galaxy evolution. 

Key words, large-scale structure of Universe - quasars: general - BL Lacertae objects: general - Galaxies: active - Galaxies: evolution 



1. Introduction 

Groups and clusters of galaxies are not distributed in space ran- 
domly, but form a network of superclusters, filaments, and voids 
dJoeveer et alJl978tlTarenghi et aljl 978t iGregorv &"T hompson 
1978: IZeldovich et al.lll982 ). In the cosmic density field, voids 



represent large underdense regions, while superclusters consti- 
tute the highest density enhancements in the universe. From the 
dynamical point of view, the evolution in the void regions is slow 
and ends early, while in superclusters the dynam ical evolution 
starts early and continues until the present day dEinasto et alj 
120051) . 

Superclusters consist of a wide variety of galaxy systems 
ranging from individual galaxies to rich clusters of galaxies 
aligned to filaments. Superclusters are found to contain diverse 
environments of virialized systems and diffuse matt er with dif- 
fering ratios of dark and optically visible matter dProust et alJ 
1200a iGilmour et alj|2007b . In addition, numerical simulations 
and theoretical calculations by ICen & Ostrikerl d 19991) predict 
that superclusters are large-scale reservoirs of so-called miss- 
ing baryons. The XMM-Newton follow-up program for validat- 
ing Planck cluster candidates report the d etection of a superclus- 
ter thr ough the Sunyaev-Zeldovich effect (Sunvaev & Zeld ovichl 
indicating the d istribution of gas on very large scales 
dPlanck Collaboration et al.ll201 lb . 

On cluster scales, it is well known that the density of the 
environment affects the properties of galaxies. The effect is de- 



tected as the morphology -density relation (|presslerll98 0) and in 
the star-formation rates dGomez et alJ l2003). Lumino us galaxies 
are al so in general more clustered than the faint ones ( Ha miltonl 
[19881) . 

It is increasingly evident that the global environment 
(supercluster-void network) also plays an important role in de- 
termining galaxy properties. Also, galaxy activity and star- 
formation rate seem to be influ enced by the large-scale environ- 
ment i n which they res i de (e. g. Baloah et al. 2004; Einast o et al.1 
2005b iGao et alJl2005b iGilmour et alJl2007h iPorter et al.l l200 



Skibba et alJ 120091: llietzen et al. 2009; Wang et alj l201lt) . For 



example, galaxy morphology in superclusters see ms to depend 
on the richness of the supercluster. According to lEinasto et al.1 
d200l . there are more early-type galaxies in rich superclusters 
than in the poor ones. Galaxies in the cores of superclusters 
are also more likely to be red, early-type galaxies, while blue 
late-type galaxies d ominate the ourskirts of the superclusters. 
Einas to et al] {2008) found that in equally rich groups there are 
more early-type galaxies in supercluster cores than in the out- 
skirts of superclusters. Also, the galaxies that do not belong to 
any group are more often early-type i f they are in the superclus- 
ter cores. iTempel et al.l d2009 , 1201 ll) show that the luminosity 
function of elliptical galaxies depends strongly on global envi- 
ronment, indicating that the global environmental density plays 
an important role in the formation history of elliptical galaxies. 
Spiral galaxies are not as sensitive to environmental density as 
elliptical galaxies, suggesting that the formation mechanism of 
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spiral galaxies is almost independent of the large-scale environ- 
ment. 

Presumably the properties and evolution of galaxies are 
closely connected to an interplay between galaxies and their en- 
vironments on different scales. While the period of active galac- 
tic nuclei (AGN) may be a sh ort but important phas e in the evo- 
lution of all massive galaxies dCattaneo et al.ll2009l) . an interest- 
ing question is how the different types of AGN activity relate to 
the global environment. Based on this background, the goal of 
this paper is to study the environments of AGN on supercluster 
scales. 

The standard model of an AGN assumes that the energy is 
produced by the accretion of matter into a supermassive black 
hole surrounded by a dusty torus. The unification scheme con- 
nects the different types of AGN in this model, stating that the 
differences in observational prope rties are caused by viewing the 
targets from different directions ( Antonuccil 1 1 9931) . According 
to the unification model of radio-quiet AGN, Seyfert 2 galaxies 
are observed through the obscuring dust torus, while radio-quiet 
quasars and Seyfert 1 galaxies are seen without o bscuration. For 
the case of radio-loud AGN, lUrrv & Padovanil d 1995b outline 
two separate unification schemes: BL Lac objects are viewed 
from the direction of the jets of low-luminosity radio galax- 
ies, while radio-loud quasars are more luminous radio galaxies 
viewed from the direction of their jets. Radio luminosity divides 
radio galaxies in two morphologically different classes. High- 
luminosity radio galaxies belong to the FR II type, while the 
low-luminosity radio galaxies have FR I type morphology. In FR 
I type galaxies the intensity gradually declines when moving far- 
ther from the host galaxy. FR II galaxies, on the other hand, are 
edge-brightened and ha ve luminous hotspots a t the outer edges 
of their radio emission dFanaroff &Rilevlll974l) . 

While orientation of the viewing angle can explain the ob- 
served differences of some types of AGN, it is obvious that there 
are also physical differences in some cases. Different types of 
AGN activity may represent different pha ses of galaxy evolu- 
tion. The evolutionary model presented by Hopk ins et al.l £2008) 
states that galaxy mergers cause gas inflows, which then lead to 
the growth of the supermassive black holes. These mergers trig- 
ger the activity observed as quasars. Activity may also be trig- 
gered by secular processes, e.g. bar or disk instabilities. These 
pro cesses are likely to pr oduce lower luminosity Seyfert galax- 
ies dHopkins et al.l 12 007). but quasa rs can also form without a 
m ajor merger dBournaud et aUl201 ll) . 

ICroton et all (120061) add another type of AGN feedback 
to the models of galaxy evolution: besides the merger-driven 
'quasar mode', galaxies are also affected by lower energy 'radio 
mode'. The radio mode starts working when gas from a static 
hot halo flows to the center of a galaxy feeding its supermassive 
black hole. The radio mode affects the galaxy by heating the gas, 
thereby preventing cooling. While the quasar mode is responsi- 
ble for stopping the star formation and turning the galaxy into a 
red and dead one in a short time, the radio mode warms the sur- 
roundings of the e lliptical galaxy and regulates its growth with 
a longer timescale. lCroton et al.l d2006) do not m ake any predic- 
tion o n the nature of radio feedback. However, iFanidakis et al.l 
(1201 ll) show that jets can cause suitable feedback and explain 
the observed luminosities of AGN. 

There is very little connection between the theories based on 
the semi-analytic models t hat we described abov e and the ob- 
served AGN. For example, ICisternas et al.l (1201 ll) find no con- 
nection between AGN activity and merger remnants: the rate of 
morphological disturbances in AGN hosts was low and similar to 
that of normal galaxies. Similar results have also been found by 



Gaboretal ] (120091) andlGeorgakakis etaD (120091) . both of whom 
conclude that AGN are not likely to be triggered by mergers. 
Observing signs of a recent merger in an AGN host galaxy is 
difficult, since the active nucleus is very bright compared to the 
galaxy. Studying the large-scale environments is an indirect way 
of finding a connection between evolutionary models and the 
observed AGN population. It is also possible that the environ- 
ment affects the triggering of AGN through different gas content 
of the surrounding intergalactic medium instead of mergers be- 
tween galaxies. 

Environments of different types of AGN have been stud- 
ied earlier on different scales (e.g. [P admanabhan et al. 2009; 
iDonoso et alll2010t Iffickox e t al. 2009; iBornancini et alfeoiOl) . 
Most of the previous studies have concentrated on the environ- 
ments on a group or cluster scale. In one of the firs t studies ded- 
icated to the large-scale structure of the Universe. iJoeveer et al.l 
d!978l) found that ra dio galaxies are abunda nt in superclusters. In 
a more recent work, Gilmo uTet al.l d2007l) have found the opti- 
cally selected AGN are not found in the d ensest regions of super- 
cluster cores. The same is found also bv lKocevskietal] (2009) 
in supercluster CL1604. In this work, we study the environments 
of diff erent types of AGN o n a large scale. 

In iLietzen et al.l d2009l) the environments of quasars were 
studied using the SDSS DR-5 galaxy and group catalogs. The 
main result was that the nearby quasars avoid the densest areas, 
and are more likely to be found at the edges of the superclusters. 
The DR-5 galaxy data reached the distances of 500/z _1 Mpc, and 
there were 174 quasars in the same volume. To take full advan- 
tage of the current observations we extend our analysis in this 
paper to the SDSS seventh data release (DR-7). To increase the 
volume of our sample we concentrate on the sample of luminous 
red galaxies (LRGs), which is an extension of the main sample 
of galaxies. 

As red elliptical galaxies, LRGs are typically the most lumi- 
nous galaxies in the Universe. According to the morphology- 
density relatio n, they are usuall y concentrated in the centers 
of clusters dDressler et al.l [1997'). This makes them good in- 
dicators of clusters of galaxies and the large-scale structures 
(Gla dders & Yedl2000l) . Because LRGs are more luminous than 
normal galaxies, they can be detected from greater distances. 
This makes it possible to study the large-scale structure of the 
universe in a larger volume when using LRGs instead of normal 
galaxies. 

The volume of the LRG sample contains over three thou- 
sand quasars, greatly improving the statistics. We constructed a 
luminosity-density field based on LRGs and calculated the av- 
erage environmental density around each AGN. In addition to 
quasars, we now also extend our studies to Seyfert galaxies, BL 
Lac objects, and radio galaxies. This makes it possible to see if 
there are differences between the different types of AGN and to 
test the unification and evolutionary schemes. In this paper we 
study the distribution of AGN in the global environment of su- 
perclusters, filaments, and voids. 

In this paper we assume a ACDM cosmology with Q.m - 
0.27, D A = 0.73, and H = 100/ikms- 1 Mpc" 1 . 

2. Data 

2. 1 . Density field data 

As a basis we used a luminosity density field of luminous 
red galaxies to study AGN in their global environments. 
We use d data from the seven th data release (DR-7) of the 
SDSS (lAbazaiian et al l l2009l) . The LRGs were selected 
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by an SQL query requiring the PrimTarget to be either 
TARGET_G ALAX Y _RED or TARGET_GALAXY_RED_II. 
Reliable redshifts were required by the conditions SpecClass = 2 
and zConf > - 95. W e used K and evolution corrections by 
lEisenstein et al.l(l2001l) to calculate the absolute magnitudes. For 
limiting the errors in magnitudes of the galaxies in our sample, 
we required their absolute magnitudes to be M g > -23.4. 

We also used the SDSS DR-7 main sample of galaxies at 
z < 0.2 as a comparison to the LRG sample. Our data contains 
583 362 galaxies in the main area of SDSS DR-7. The magni- 
tudes of the galaxies range from r - 12.5 to r — 17.17. The 
main sample of galaxies is complete to 565 /r'Mpc distance. To 
suppress the cluster finger-of-god redshift distortions, we used 
groups of galaxies based on the LRGs t hat w ere extracted us- 
ing the method described in Tag o et al.l (l2010h . The method of 
constructing the luminosity-density fields based on these data 
samples is discussed in Sect. [3] 

2.2. AGN data 

The quasar catalog bv lSchneider et al] (1201 Oh contains 105 783 
quasars. The catalog is based on SDSS DR-7, and it con- 
sists of objects with luminosities higher than M-, = -22.0 that 
are spectroscopically determined quasars. We required our tar- 
gets to have a spectrum taken as a normal science spectrum 
(SCIENCEPRIMARY = 1) and photometric measurement des- 
ignated PRIMARY in the BEST photometric database. The sam- 
ple is volume-limited and complete to redshift ~ 0.4 (corre- 
sponding distance 1000 /r'Mpc). At greater distances, the lim- 
iting magnitude i = 19.1 starts limiting the sample. This can 
be seen in Fig. [Tj where the quasars are plotted by their i band 
magnitudes vs. redshift. We take this 1000 /r'Mpc for the upper 
limit in our analysis. Due to the lack of very nearby quasars, 
we set a lower distance limit for our study at 225 /r'Mpc. 
To study the differences between radio-quiet and radio-loud 
quasars, quasars with radio luminosity more than 10 25 WHz-' 
in the Faint Images of the Radio Sky at Twenty cm (FIRST) cat- 
alog were deter mined to be radio lou d. We use the same limit 
that was used by iDonoso et al.l (1201 Ol) in order to make our re- 
sults comparable to theirs. The flux completeness limit of FIRST 
is 1 mJy, which corresponds to a luminosity of 2.2 x 10 23 WHz 1 
at 1000 /r'Mpc co-moving distance (corresponding luminosity 
distance 1362 /r'Mpc). This is considerably lower than our lu- 
minosity limit for radio-loud quasars. Therefore our sample of 
radio-loud quasars is complete in terms of radio luminosity. With 
this constraint, 26 of the quasars are radio loud. Radio-quiet 
quasars have a radio luminosity less than 10 25 WHz 1 or have 
no radio detection at all. Our final sample contains 3338 radio- 
quiet quasars. 

For the s t udies of BL Lac objects, we used the catalog by 
Plot kin et al.1 (l2010h . They present a sample of 723 BL Lac can- 
didates in the SDSS DR-7, from which we chose those that are 
labeled high-confidence BL Lac candidates with reliable red- 
shift. We limited the sample to the main area of the SDSS and to 
the distance range of our quasar sample. With these limitations, 
we get a sample of 81 BL Lac objects. 

Our radio galaxies are from the unified catalog of radio ob- 
jects bv lKimball & Ivezia d2008l) . We use their sample 5, which 
contains galaxies that have been detected by three radio sur- 
veys, Faint Images of the Radio Sky at Twenty cm (FIRST), 
NRAO VLA Sky Survey (NVSS), Westerbork Northern Sky 
Survey (WENSS), and the SDSS. We calculated the spectral in- 
dex QrH for galaxies in the catalog using the radio luminosities 
obtained in WENSS and NVSS, and defined samples of steep 
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Fig. 1. Relation between the i band magnitudes and redshifts of 
quasars. 



and flat spectrum radio galaxies with a lim iting index of -0.5, 
which was also used bv lKimball & Ivezid i008). Limited be- 
tween distances 225 /r'Mpc and 1000 /r'Mpc, we got samples 
of 1019 steep-spectrum, and 710 flat-spectrum radio galaxies. 
All these radio sources have been classified as galaxies by their 
optical spectra. The NVSS luminosities of all radio galaxies in 
the sample are plotted againts redshift in Fig. [2] The flux com- 
pleteness limit of NVSS is 2.5 mJy, which corresponds to the 
luminosity 5.5 x 10 23 WHz 1 at the 1000 /r'Mpc comoving dis- 
tance. For WENSS, the flux limit is 18mJy, which corresponds 
to 3.9 x 10 24 WHz ' at the upper distance limit of our sample. 
We set a lower limit for NVSS luminosity at 10 23 5 WHz' for 
the radio galaxies used in our analysis. This limit is marked with 
a line in Fig. [2] which shows that the flux limit makes the sample 
incomplete at redshifts more than 0.25. We did not set a limit on 
FIRST or WENSS luminosities, and the flux limits of these mea- 
surements may also cause incompleteness. For these reasons our 
radio data are not complete and limited in volume. Our method 
of luminosity-density field handles each target independently of 
the others, reducing the effects of incompleteness. The only pos- 
sible problem might be biases caused by luminosity-dependency 
in the environment. We studied these effects by calculating den- 
sities separately for subsamples of radio galaxies with different 
radio luminosities. 

A flat radio spectrum is a sign of spatially concentrated radio 
emission, which is more typical of quasars than radio galaxies. 
The high number of targets in the radio galaxy sample, which are 
optically determined galaxies but have flat radio spectra, raises 
questions as to their nature. Some of these targets could be giga- 
hertz peaked-spectrum (GPS) or compact steep spectrum (CSS) 
radio sources. These sources typically have powerful compact 
radio emission that peaks at such low frequencies that their spec- 
tra may look flat between 92 and 20 cm. However, the GPS and 
CSS are rare objects tha t cannot explain the maj ority of flat- 
spectrum radio galaxies. Kimbal l~& Ivezid (120081) suggest that 
the flat-spectrum radio galaxies could be radio-emitting Seyfert 
galaxies or LINERs. This could explain only the faintest end of 
these galaxies. Some of the flat-spectrum radio galaxies may also 
be distant FR I type radio galaxies in which the radio emission 
declines rapidly outside the central parts, resulting in more com- 
pact emission with flat spectral index in NVSS and WENSS. In 
this case we would expect to see some redshift dependency in 
the fraction of flat-spectrum sources in the radio galaxy sam- 
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Fig. 2. Radio luminosities of radio galaxies at different redshifts. 
The lower limit for radio galaxies, 10 23 ' 5 WHz -1 and the limit 
between FR I and FR II galaxies, 10 25 WHz', are marked by 
lines. 



pie, which we do not detect. None of these explanations is ex- 
pected to pr oduce as high number of fl at-spectrum radio galaxies 
as found by Kimbal F& Ivezid (120081) . In our study on the large- 
scale environments, we handled the flat-spectrum radio galaxies 
as one group, separately from the steep-spectrum radio galaxies. 

We set a lower limit for the luminosity of all the radio galax- 
ies at 10 23 5 WHz~'. This limitation sets the number of flat- 
spectrum radio galaxies to 625. We divided the steep-spectrum 
radio galaxies by NVSS luminosity into FR I and FR II samples. 
FR I galaxies have luminosity less than 10 25 W Hz -1 , and there 
are 793 of them in our sample. The luminosities of FR II galax- 
ies are higher than this threshold and our sample contains 47 of 
them. 

Seyfert galax i es we re selected by the criteria presented by 
Kauffmann et al. (2003). We required Seyfert galaxies to be de- 
tected photometrically as galaxies and to have emission lines 
[Om] ,15007, [Nn] ,16583, Ha, and H/3 with equivalent widths 
more than 3 A. Galaxies with line ratios [Oni]/H/3 > 3 and 
[ Nml/Ha > 0.6 w ere selected as Seyfert galaxies. According 
to lHao et"al] ((2005), the distribution of Ha linewidths has a min- 
imum at 1200 km s - ' . We adopted this value as the limit between 
broad line Seyfert 1 and narrow line Seyfert 2 types. With these 
criteria, we get 1095 Seyfert 1 and 2494 Seyfert 2 galaxies. 



3. Methods 

We study the environments of AGN in the supercluster scale 
by using a luminosity-density field constructed of LRGs. To see 
the supercluster- void network, the field is smoothed to appropri- 
ate scales. The smoothing length determines the cha racteristic 
scale of the structures under study dEinasto et alj|2003l) . A den- 
sity field with a short smoothing length is suitable for studying 
cluster scales, while a longer smoothing length is needed for su- 
percluster scales. We use a long smoothing length, so that voids, 
filaments, and superclusters have their own characteristic den- 
sity levels, which can be used to distinguish between the details 
of the network. 

To construct a luminosity density field, we assume that ev- 
ery galaxy is a visible member of a density enhancement, such 
as a group or a cluster. To compensate for the distance depen- 
dency of a magnitude-limited sample, we have to consider the 



luminosities of galaxies that drop out of the surveys magnitude 
window. Because of that the luminosities of galaxies are cor- 
re cted by a weighting factor. This was done in the same way as 
in lLietzen et al. d2009l) . 

The amount of unobserved luminosity is corrected by mul- 
tiplying the observed luminosities of galaxies by weight factor 
Wi{d), which is defined as 



W L (d) = 



f™L<p(L)dL 



(1) 



where L\ and Li are the luminosity limits of the galaxy sam- 
ple and <p(L) is the galaxy luminosity function. The luminosity 
function was approximated by a double power law: 



n(L)d(L) cc (L/L)')' 



d(L/L*), 



(2) 



where a = -1.42 is the exponent at low luminosities (L/L*) <sc 
1, 8 = -8.27 is the exponent at high luminosities (L/L*) » 1, 
y — 1 .92 is a parameter that determines the speed of the transi- 
tion between the two power laws, an d L* — —21.97 is th e char- 
acteristic luminosity of the transition (Tempel et al. 201~fl). 

At distances over 400/2~'Mpc, the LRG sample is ap- 
proximate ly volume-limited (nu mber density is approximately 
constant) (Liivama gi et al.ll2010h . Because of this, weight cor- 
rection is not needed in this region. At distances below 
400/j" 'Mpc (redshift 0.15), LRGs are fainter than LRGs at 
higher distances , and t hus they are not real LRGs as defined by 
Eisenstein et al. (1200 ll), and they do not form a volume-limited 
sample dEinasto et al EoTih . However, they are similar to LRGs 
by many properties, and it is likely that they are distributed in 
the large-scale structure in the same way as the actual LRGs. We 
need the low-distance part of the LRG sample for comparing 
the LRG superclusters and the superclusters based on the main 
sample of galaxies. 

For the nearby LRGs, it is difficult to calculate the luminosity 
weights because the sample has no formal magnitude limits. In 
this region we found the observed comoving luminosity density 
1(d) and defined the weight as 



W L (d) = l(d )/l(d), 



(3) 



where do = 435.6 /2~'Mpc (z = 0.15) is used as a reference 
point, above which the weights are known from the luminos- 
ity function in Eq. [2] After correcting the luminosities we define 
a Cartesian grid for the whole survey volume, and calculate the 
luminosity density field on the grid using the B3-spline kernel 
fu nction. Details on cons tructing the density field are presented 
in lLiivamagi et al.l d2010l) . 

In this work we use a 3/2~'Mpc grid and 16/2~'Mpc ef- 
fective radius of the smoothing kernel for the density field in 
our AGN environmen t study . Figure [3] shows the LRG density 
field. In Lietz en et al ] d2009h the smoothing kernel radius was 
8 /2~'Mpc. When using the LRG sample, a larger smoothing ker- 
nel is needed because the distances between the LRGs are longer 
than those between the main sample of galaxies. The volume 
of the LRG sample is considerably larger than the volume of 
the main sample of galaxies. The large size of the density field 
causes challenges to computing power and disk space. Because 
of this, we use a 3 h~ l Mpc grid i nstead of the 1 /i~'Mpc grid that 
was used in lLietzen et al.l d2009t) . 

Although our LRG sample extends to a 1346 h~ l Mpc dis- 
tance, the weighting factors are too high for the highest dis- 
tances, which ca use densities that are too high at the farthest 
edge of the field dLiivamagi et al.ll2010h . These problems occur 
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Fig. 3. Luminosity-density field of LRGs. The red spots are the brightest centers of superclusters, while the dark blue areas represent 
voids. The coordinates show the pixel number in the grid, 1 pixel corresponding to 3 /z 'Mpc. The upper limits of the main sample 
of galaxies (565 /i~'Mpc) and the part of the LRG field we use in our analysis (lOOO/z^'Mpc) are marked with white lines. 



at distances greater than lOOO/^'Mpc. To remove the possible 
errors caused by the incorrect weighting at far distances, we set 
the lOOO/i^'Mpc (redshift 0.4) as an upper limit for our analysis. 
We also set a lower limit for distance at 225 /z^'Mpc because the 
volume, hence the number of AGN inclosed by this distance, is 
small. Therefore, our sample extends from 225 to 1000/i _l Mpc. 
For a comparison to the LRG density field, we also construct 
a luminosity-density field of the main sample of galaxies using 
the same grid and smoothing kernel. The field of main sample of 
galaxies we use extends from 225 to 565 /z^'Mpc. 

The lower limit for superclusters in the luminosity den- 
sity field of the main galaxy sample with 3/r'Mpc grid and 
Sh^Mpc smoothin g kernel is 5.0 times the mean density 
dTempel et al]l20l"fl) . This limit changes as we grow the ker- 
nel size to 16/r'Mpc. We determine the new limit so that the 
summed luminosity of all grid points in the superclusters is the 
same as in the field with 8h~ l Mpc kernel. We get a limit of 
2.5 times the mean density for the field of the main sample 
of galaxies with 16/i~'Mpc kernel. The LRG sample consists 
of galaxies that are different from the main sample of galax- 



ies. Because of this, the luminosities of the main galaxy sample 
and the LRG sample are not unambigiously comparable, and we 
cannot use the luminosities as a comparison between these two 
fields. Instead, we determine the supercluster limit so that the 
number of density points in superclusters is the same in the LRG 
field as in the main galaxy field with 16 h~ l Mpc kernel. In prac- 
tice this means that the superclusters in the three-dimensional 
density fields of the LRG sample and the main sample overlap 
spatially. The supercluster limit we find for the LRG field this 
way is three times the mean density. 

The limiting density for void areas in iLietzen et alJ (2009) 
was 1 .5 times the mean density. Following the same procedure 
as for the supercluster limit, we find that the limit corresponds to 
the density level of the mean density in the density fields with the 
1 6 h~ 1 Mpc smoothing kernel. The void limit is the same for both, 
the LRG and the main sample density fields. We define the re- 
gions with density values between the void and sup ercluster Umit 
filaments. The same terminology was also used by Temoel et al. 
d2011l) . The limiting densities for void, filament, and superclus- 
ter areas in different fields are shown in TableQ] 
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Field 


Void 


Filament 


Supercluster 


Main sample, 8/?~'Mpc kernel 


D < 1.5 


1.5 < D< 5.0 


O>5.0 


Main sample, 16/r'Mpc kernel 


D < 1.0 


1.0 < D < 2.5 


D > 2.5 


LRG, 16 r'Mpc kernel 


D < 1.0 


1.0 < D < 3.0 


D>3.0 



Table 1. Definitions of voids, filaments, and superclusters in the luminosity-density fields (in units of mean density). 



For studying the environments of the AGN, we transform the 
coordinates of each AGN sample in the same cartesian coordi- 
nates as the density field. We then calculate the average density 
of the grid points of the density field at less than 3 /r'Mpc from 
each object (i.e. the nearest grid points surrounding the target). 
This gives us the local value of the low-resolution density field. 



4. Results 

We calculated the average density of the environment for our 
samples of quasars, BL Lac objects, radio galaxies, and Seyfert 
1 and 2 galaxies. The quasars were divided into radio-quiet and 
radio-loud subsamples, and radio galaxies into flat-spectrum ra- 
dio galaxies, steep-spectrum FR I galaxies, and steep-spectrum 
FR II galaxies as discussed in Sect. 12.21 For comparison, we 
also calculated the densities in the environments of LRGs. 
We limited the LRGs between the distances 400/z~ 1 Mpc and 
lOOO/i^'Mpc. Between these distances the LRG sample is ap- 
proximately volume-limited. Table [2] shows the average density 
of the LRG density field for all objects of each type. It also shows 
the fraction of objects in void areas (less than 1 times the mean 
density), filament areas (between 1 and 3 mean densities), and 
superclusters (more than 3 times the mean density). The average 
densities are shown in units of mean density of the whole density 
field, and the errors are standard errors of the average. 

Fractional distributions of the environmental densities of dif- 
ferent types of AGN are shown in Fig. [4] The top-left panel gath- 
ers together radio-quiet quasars, FR I radio galaxies and the non- 
active LRGs for comparison. The top-right panel gives the dis- 
tributions of FR I radio galaxies and BL Lac objects, which are 
thought to be similar objects viewed from different directions. 
The panel also plots the distribution of flat-spectrum radio galax- 
ies. The bottom-left panel shows the distributions of radio-loud 
quasars and FR II radio galaxies, which make another unified 
group of AGN types. The bottom-right plot shows the distribu- 
tions of radio-quiet AGN, i.e. Seyfert galaxies and radio-quiet 
quasars. Error bars in the histograms show Poissonian errors. 

Table [3] shows the distributions of AGN in the luminosity- 
density field of the main sample of galaxies. This density field 
reaches the distance of 565/i~ 1 Mpc. The average densities are 
shown in units of mean density of the whole density field, and 
the errors are standard errors of the average. The distributions in 
the LRG field with the same distance limit are shown in Table 
|U The differences in the distribution of AGN in voids, filaments, 
and superclusters between the main sample field and the LRG 
field are small. This increases the credibility of using LRGs as 
indicators of the large-scale structures. 

Our results for the environments in the LRG density field 
indicate that radio galaxies are more likely found in supercluster 
areas than radio-quiet quasars, which are mainly in low-density 
regions. Radio galaxies are actually distributed very similarly to 
LRGs themselves. This can be seen in the top lefthand panel of 
Fig- SI To test the similarities of different samples we performed 
the Kolmogorov-Smirnov test for our original unbinned results. 
Kolmogorov-Smirnov test confirms that the radio-quiet quasars 



and FR I radio galaxies are not from the same population at a 
level of more than 99.9 % significance. 

The distribution of flat-spectrum radio galaxies is very simi- 
lar to the distribution of steep-spectrum radio galaxies. This sim- 
ilarity can be seen in the top righthand panel of Fig. [4] which 
shows the distributions of flat-spectrum radio galaxies and steep- 
spectrum FR I radio galaxies. This panel also plots the distri- 
bution of BL Lac objects, which are believed to be FR I radio 
galaxies viewed from the direction of the jet. This unification 
scheme predicts BL Lac objects to be in similar environments 
to FR I galaxies. The fraction of BL Lac objects in void regions 
is higher than for FR I galaxies, but the difference is small when 
considering the error limits. The Kolmogorov-Smirnov test gives 
a p-value of 0.06 for the likelihood that BL Lac objects and FR 
I galaxies are distributed similarly. This does not confirm that 
these samples are statistically different, but the higher fraction 
of BL Lac objects in the voids may suggest that at least some of 
them have different origins from the FR I galaxies. 

The unification scheme of more luminous radio-loud AGN 
unifies radio-loud quasars with FR II radio galaxies. The distri- 
bution of these types in different environments is shown in the 
histograms plotted in the bottom lefthand panel of Fig. [4] The 
radio-loud quasars in our sample show a slightly similar distri- 
bution to BL Lac objects: approximately 30 % of both of these 
types are in the voids, but also a considerable fraction is found 
in superclusters. Of the 26 radio-loud quasars, six are in super- 
cluster areas. Their number is so small that random variation 
may play a role in their distribution. Because of this, we cannot 
say anything definitive about their distribution. FR II galaxies 
are less usual in void areas, and seem to be distributed like FR 
I galaxies. This similarity may be caused by our making the di- 
vision between FR I and FR II types based on only radio lumi- 
nosity. We do not have any information on the morphology of 
our radio galaxies, which is the primary criterion of classifica- 
tion. The luminosity-based classification may be less certain in 
separating the physically different types. This may also happen 
when dividing quasars into radio-quiet and radio-loud samples. 
If radio-loud and radio-quiet AGN are of different origins, the 
division by luminosity is not necessarily as sharp as we have 
assumed. 

The difference between the distributions of FR II galax- 
ies and radio-loud quasars looks large in Fig. [4] but the small 
number of targets in these samples make the errors larger. The 
Kolmogorov-Smirnov test gives p-value of 0.03 for the similar- 
ity of radio-loud quasars and FR II galaxies. 

The difference between the environments of radio-loud 
quasars and radio galaxies has also been detected by 
iDonoso et alj d2010t) . Using a cross-correlation function be- 
tween AGN and LRGs with photometric redshifts, they find that 
radio-loud quasars are in lower density environments than radio- 
loud AGN. Our results support theirs even though we study 
AGN at lower redshifts, which limits the number of high radio- 
luminosity AGN in our sample, and thus causes uncertainty in 
our results. Our results on radio-lou d and radio-quiet q uasars are 
also quite similar to the results of Donoso et a fl (I2010h . There 
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Type 




Average density 


Void (Vo) 


rilament (Vo) 


Supercluster (%) 


Radio-quiet quasars 


3338 


1.71 ±0.03 


38 


46 


15 


Seyfert 1 galaxies 


1095 


1.73 ± 0.04 


34 


51 


15 


Seyfert 2 galaxies 


2494 


1.65 : 


t0.03 


35 


52 


13 


ivaUlU-lOUQ qLlaSalS 


Z.O 


1.8: 


t0.3 


jj 


A~> 
h-z 




BL Lac objects 


81 


2.5: 


t0.2 


26 


42 


32 


Flat-spectrum radio galaxies 


624 


2.60: 


t0.07 


13 


55 


32 


FR I radio galaxies 


793 


3.01 ± 0.07 


10 


48 


42 


FR II radio galaxies 


43 


3.2: 


t0.4 


19 


28 


53 


LRGs (nonactive) 


75712 


2.862 : 


t 0.007 


8 


54 


38 



Table 2. Number of objects, average environmental density of the LRG field, and percentage of objects in voids, filaments, and 
superclusters of different types of AGN between the distances from 225 /; _1 Mpc to lOOO/i^'Mpc. 



void i filament 



rh 



supercluster 



void 



filament 



Radio-quiet Quasars 
FR I radio galaxies 
LRGs 



1 2 3 4 5 
Density of LRG density field (Mean densities) 
void i filament i supercluster 




1 2 3 4 5 

Density of LRG density field (Mean densities) 



supercluster 



FR I radio galaxies 
BL Lacs 

lat-spectrum radio galaxies 




1 2 3 4 5 

Density of LRG density field (Mean densities) 
void i filament supercluster 




1 2 3 4 5 

Density of LRG density field (Mean densities) 



Fig. 4. Distributions of AGN in different levels of environmental density in the luminosity-density field of LRGs. The top-left panel 
shows the distributions of radio-quiet quasars, FR I radio galaxies, and LRGs. FR I radio galaxies, BL Lac objects, and flat-spectrum 
radio galaxies are shown in the top-right panel and FR II radio galaxies and radio-loud quasars in the bottom-left panel. The bottom- 
right panel shows the distributions of radio-quiet quasars and Seyfert galaxies. Densities are shown in units of mean density of the 
density field. Error bars show Poissonian errors. The vertical lines separate the density levels of voids, filaments, and superclusters. 



is no difference between the large-scale environments of radio- 
loud and radio-quiet quasars. 

The distribution of Seyfert galaxies in different environments 
is close to that of radio-quiet quasars. We show their distribu- 
tion in the bottom righthand panel of Fig. [4] Despite their ap- 
parent similarity, the Kolmogorov-Smirnov tests between these 
samples give low p-values: the probability is 0.001 for the simi- 
larity of radio-quiet quasars and Seyfert 2 galaxies , and between 
Seyfert 1 and 2 types 0.02. 



Figure shows the redshift dependence of the average en- 
vironmental density of different types of AGN. The top panel 
of the figure shows that the densities of radio-quiet AGN 
keep constant at different redshifts, while the radio galaxies at 
higher redshift are in higher density environments. This redshift- 
dependency could be caused by evolution but it could also come 
from selection effects. If high-luminosity radio galaxies are in- 
trinsically in higher density environments than the fainter ones, 
a redshift dependency is observed because we only detect the 
most luminous galaxies at the highest redshifts. For quasars 
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Type 


N 


Average 


density 


Void (%) 


Filament (%) 


Supercluster (%) 


Radio-quiet quasars 


411 


1.52 + 


0.05 


30 


59 


11 


Seyfert 1 galaxies 


625 


1.58 + 


0.04 


26 


62 


12 


Seyfert 2 galaxies 


1701 


1.51 ± 


0.02 


28 


60 


11 


BL Lac objects 


17 


1.9 + 


0.3 


12 


65 


24 


Flat-spectrum radio galaxies 


189 


1.81 + 


0.06 


11 


72 


17 


FR I radio galaxies 


174 


1.89 ± 


0.07 


14 


66 


20 



Table 3. Environmental properties of different types of AGN in the luminosity-density field of the main sample of galaxies at 
distances from 225 /r'Mpc to 565 /r'Mpc. 



Type 


N 


Average density 


Void (%) 


Filament (%) 


Supercluster (%) 


Radio-quiet quasars 


411 


1.65 + 0.07 


36 


52 


12 


Seyfert 1 galaxies 


625 


1.74 + 0.05 


33 


53 


14 


Seyfert 2 galaxies 


1701 


1.62 ±0.03 


35 


53 


12 


BL Lac objects 


17 


2.2 ±0.5 


24 


53 


24 


Flat-spectrum radio galaxies 


189 


2.19 ±0.09 


14 


65 


21 


FR I radio galaxies 


174 


2.3 ± 0.2 


17 


57 


26 



Table 4. Environmental properties of different types of AGN in the luminosity-density field of LRGs at distances from 225 h 'Mpc 
to565/i _I Mpc. 



this is not a problem because the sample is volume-limited, 
and it should represent the true number density of quasars at 
all redshifts. To test for possible observational selection ef- 
fects we divided the radio galaxies into three luminosity bins: 
10 23 5 < L < 10 24 WHz\ 10 24 < L < 10 24 - 5 WHz-\ and 
10 24 - 5 < L < 10 25 WHz _1 . The bottom panel of Fig. shows 
the dependence for radio galaxies in these three luminosity bins. 
Both steep and flat spectrum radio galaxies are included in this 
analysis to increase the data. Figure [5] shows that the relation 
between the density of the environment and redshift does not 
depend on the radio luminosity. We conclude that the radio lumi- 
nosity does not cause a selection effect that would make us detect 
radio galaxies only in high-density environments at higher red- 
shifts. Unlike radio galaxies, quasars have similar environments 
regardless of their redshift. We find no correlation between the 
absolute optical magnitudes or radio luminosities of quasars and 
their environments. 



5. Discussion 

Our results indicate that quasars are found in low-density areas 
in the large-scale s tructure of the Uni verse. This is consistent 
with the results in Lietzen et al. (2009), as well as several other 
studie s, such as IPadmanabh an et al. (120091) and iDonoso et alJ 
Also our result that radio galaxi es have denser en - 
viroments than quasars is su pported by IDonoso et al. I d20T0l> . 
Similarly, Iffickox et all (120091) found that radio-selected AGN 
are in higher density regions than X-ray or infrared-selected 
AGN. 



The high enviro nmental densitie s of ra dio galaxies have 
also been found by Bornancini et a"D (l2010l) . However, unlike 
IBornancini et al . (2010), we do not find any difference between 
flat and steep-spectrum radio galaxies. We also did not find any 
lumi nosity dependence in the environments of radio-quiet AGN, 
like lStrand etaD (l2008h_ did. Th ese diffe rences may be due to the 
differe nt scale. Both Bo rnancini et al.1 (1201 Ol) and IStrand et ail 
(2008) have studied the densities on the scale of an individual 
cluster of galaxies. Our method shows the average density on 
a large scale, and the situation may be different on the scale of 
individual clusters. 



On a larger scale. iMountrichas et al.1 J20 09) determine an in- 
tegrated correlation function up to scales of 20/z~ 1 Mpc. They do 
not find any significant differences between quasars with differ- 
ent magnitudes. This supports our result that the large-scale en- 
vironments of quasars do not depend on the optical magnitudes. 
The same method was used by da Angela et al. (2008) to study 
the magnitude redshift dependency of quasar environments. Also 
their results suggest that the environments of quasars do not 
change as a function of magnitude or redshift. 

While the radio-quiet quasars are mostly located in low- 
density environments, radio galaxies are more likely in high 
density environments. The high density environm ents of ra- 
dio ga laxies was also detected on cluster scales by Wak e et aD 
(2008), who find that the central brightest cluster galaxies are 
often radio loud. 

The unified scheme predicts that BL Lac objects would be in 
same kind of environments as FR I radio galaxies, while radio- 
loud quasars should have environments that are similar to FR II 
galaxies. Our results suggest that FR I and FR II galaxies are 
both likely to be in high-density environments. BL Lac objects 
are more often in low-density regions, but a larger fraction of BL 
Lacs than radio-quiet AGN are in superclusters. Since the num- 
ber of radio-loud quasars and FR II galaxies is very small, we 
cannot say anything conclusive about their unification. A more 
detailed study on the smaller scale environment of these objects 
could tell us more about whether they can be unified. 

There is controversy about whether a difference exists 
between radio-lo ud and radio-quiet quasars. According to 
IShen et aT. (2009), radio-loud quasars have dense r environments 
than radio-quiet quasars. On the other hand. lDonoso et all (2010) 
find no significant difference. Also our re sults show no depen- 
dency on the radio luminosity of q uasars. | Donoso e t alJ (2010) 
speculate that the disagreement with Sh en et al.1 d2009l) may have 
been due to different redshift ranges. When interpreting these re- 
sults, one must bear in mind that the error limits are large in all 
these studies. In any case, the difference is small, and detecting 
it may depend on the data and methods used. 

We have made the first extensive study of the large-scale en- 
vironments of BL Lac objects. We find that the BL Lacs in our 
sample were more evenly distributed at different environmen- 
tal densities than other types of AGN. Although they are more 
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Radio-quiet quasars 
Seylert 1 
Seylert 2 
FR I radio galaxies 
Flat-spectrum radio galaxies 



105 6 <L<1C^V.... 



L<10" W Hz" 1 




Fig. 5. Top: Average environmental densities of radio-quiet 
quasars, Seyfert galaxies, FR I radio galaxies, and flat-spectrum 
radio galaxies as a function of redshift. Bottom: Average envi- 
ronmental densities of radio galaxies in three luminosity bins as 
a function of redshift. Densities are in units of mean densities 
and the errorbars show the standard errors of the average. 



common in low-density regions, a third of them are clearly in 
superclusters. The earli er studies of small-s cale environments by 
iPesce et all (|2002|) and lWurtz et al.1 d 1997b support this, as their 
findings were also that some BL Lac objects are i n rich clus- 
ters, w hile others are located in poor environments. IWurtz et al.l 
(1997) also conclude that the environments of BL Lac objects 
resemble more quasars than FR I radio galaxies. The density 
distribution we get on the supercluster scale seems to suggest 
that BL Lacs are not part of the same population as radio-quiet 
quasars, which are rarely in superclusters, but they do not avoid 
the void regions either, like the radio galaxies do. These results 
cause a conflict with the standard unification scheme that pre- 
dicts BL Lac objects to be similar to FR I galaxies. 

The differences between the environments of different types 
of AGN is supported by the properties of their host galaxies- 
Acco rding to the morphology-density relation dDressler et al.l 
Il997l) . galaxies in dense environments are more often red ellip- 
ticals, while galaxies in less dense environments tend to be blue 
spiral gal a xies. This was recently confirmed observationally by 
iLee et al] (I2010I) . They find that red galaxies have richer local 
environments than blue galaxies, and early-type galaxies have 
richer environments than late-type galaxies. Although the active 



nucleus may affect the general appearance of its host galaxy, our 
result seems to fit in this picture. According to [Hvvonen et al.l 
(2007), BL Lac host galaxies are on average slightly redder than 
the host galaxies of quasars, but slightly bluer than radio galax- 
ies. They also find that the colors of BL Lac host galaxies have 
a wider distribution than the other types of AGN. Radio galaxies 
are elliptical galaxies but have bl uer co lors than inactive ellip- 
tical galaxies iGovoni et al1 l2000). Also lBest et al.l d2005l ) have 
found that radio galaxies are usually old, massive galaxies, while 
optically selected emission-lin e AGN are more spre ad out in 
host galaxy mass. According to ICrenshaw et al.l d2003l) . Seyfert 
galaxies are nearly always spiral galaxies. These properties all 
fit the morphology-density relation: radio galaxies are red el- 
lipticals in the high-density environments, while Seyfert galax- 
ies are spirals in the low-density environments. As lTempel et al.l 
(1201 ll) point out, the relation can be detected not only on cluster 
scale, but also in the global supercluster-scale environment. The 
location in the large-scale environment where a galaxy resides 
especially affects elliptical galaxies. Based on this background, 
our results for the environments of AGN give support to their 
role in galaxy evolution. 

In Section 12.21 we raised questions about the nature of flat- 
spectrum radio galaxies. The flat-spectrum radio galaxies are 
distributed in different environments in the same way as the 
steep-spectrum FR I galaxies. This result speaks for the idea that 
they would be FR I radio galaxies whose radio luminosity is 
more concentrated near the core and then fades at farther dis- 
tances. When they are observed at a high distance, the spectrum 
may look flat. 

We assume that the low-luminosity FR I radio galaxies may 
represent the 'radio mode' feedback and q uasars repre s ent th e 
'quasar mode' in the evolution model by ICroton et al.1 {2006). 
Based on this model, we would expect radio galaxies to originate 
in the steady inflow of gas from a static hot halo to the center of 
a massive galaxy, causing accretion into a central supermassive 
black hole. The efficiency of the accretion depends on the mass 
of the black hole and the virial velocity of the halo. This suggests 
that radio galaxies should be massive galaxies in massive clus- 
ters of galaxies, and therefore in high-density environments. As 
LRGs are massive galaxies, it is possible that they could be radio 
galaxies in a silent phase. This would explain why the environ- 
ments of radio galaxies are similar to those of LRGs. Quasars, 
on the other hand, are expected to be found in environments 
w here mergers between galaxies may have happened. According 
tolHopkins et al] d2008l) . mergers occur in small groups of galax- 
ies. This could explain why quasars have lower environmental 
densities than radio galaxies. 

We found a redshift dependency in the environments of ra- 
dio galaxies but not in the environments of quasars or Seyfert 
galaxies. This dependency does not depend on radio luminosity: 
radio galaxies of all luminosities have higher density environ- 
ments at higher redshifts . This redshi f t depe ndence was detected 
on the cluster scale by iHill & Lillvl (Q~991), but they were un- 
able to separate the possible effects of luminosity from those of 
redshift. We detect the same redshift dependency in the radio 
galaxies of all luminosities, which suggests that it is the redshift 
that causes the di fference, not luminosity. 

The results of Kauffman n et al.l (|2008) suggest that the ma- 
jority of radio-loud AGN in the local universe are found in mas- 
sive elliptical galaxies with weak or absent emission lines and 
little star formation. Through galaxy counts, they also find that 
radio galaxies reside in high-density environments on scales of 
a few hundred kpc and that the density does not depend on ra- 
dio luminosity. They conclude that only low-mass black holes 
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are growing and accreting at rates close to Eddington at the 
present day. At higher redshifts radio jets are stronger and ra- 
dio galaxies are more likely to have powerful emission lines. 
Kauffmann et al. (2008) suggest that, since radio galaxies occur 
in halos with hot gas, while emission lines require cold gas in 
the surroundings of the galaxy, galaxies with both radio emis- 
sion and emission lines need both. In the low-redshift universe, 
cold gas is available only in low-mass galaxies in low-density 
environments. This would explain the change s in radio- g alaxy- 
population from high to low redshifts. Also iBest et alJ ([2005) 
conclude that, based on their results on host galaxy properties, 
optically selected AGN and radio galaxies trace different pop- 
ulations of galaxies. Radio galaxies have more massive black 
holes and the galaxies themselves are more massive than opti- 
cally selected AGN. Since massive galaxies are more commonly 
in high-density regions, this could explain why radio galaxies 
have high-density environments also on a large scale. 

In iLietzen et al.1 ([2009) we speculated that low-redshift 
quasars have low-density environments because galaxies in 
dense environments evolve to a certain stage earlier in the 
Unive rse than galaxies in less dense regions (Temp eTet alJ 
2009). Since quasars represent a relatively early phase in the life 
of a galaxy, the galaxies which show quasar-type activity at the 
present day have reached an early stage at a very late time. This 
would ex plain the low - densit y environments. This is also sug- 
gested by Hick ox et alJ (12009). If the radio galaxies are activated 
at a later phase in the evolution of galaxies than quasars, the low- 
redshift quasars we analyze have evolved slo wer than the radio 
galaxies at the same redshifts. Simulations bv lGao et alJ Q2005) 
show that the dark matter clustering depends on the age of the 
halo. They conclude that the oldest 10 % of halos are more than 
five times more strongly clustered than the y oungest 10%. In 
the evolutionary model bv lCroton et alJ d2006l) the quasar mode 
turns the galaxies from blue star-forming galaxies into the red 
and dead ellipticals, while the radio mode regulates the growth 
of the large elliptical galaxies. This would place the radio mode a 
later phase in galax y evolution than the qua sar mode. Combining 
the predictions bv lCroton etall d2006l) and lGao et all (120051) . we 
would expect that radio galaxies are old galaxies in dense envi- 
ronments. Quasars, on the other hand, are expected to be younger 
galaxies in less dense environments. 



6. Conclusions 

In this paper, we used the luminosity-density field of LRGs for 
studying the global environments of different types of AGN. Our 
main result was that radio galaxies are more often in supercluster 
areas than radio-quiet quasars, which are more likely in void ar- 
eas. This result can be explained by a model of galaxy evolution. 
Quasars are formed in mergers of gas-rich galaxies, and they 
lead to the formation of elliptical galaxies. In large elliptical, 
galaxies radio mode AGN activity regulates the growth. Radio 
galaxies are fed with hot gas, which is found in dense environ- 
ments, while quasars are more likely to be in small dark matter 
halos that contain cold gas. In this scenario, the low-luminosity 
radio galaxies become active at a later phase in galaxy evolution 
than do quasars. As the superclusters are known to contain older 
galaxies than void regions, it is expected that the AGN activity 
more typical of older galaxies is more often found in superclus- 
ters than in voids. Therefore, our results give a portion of the 
much needed connection between the theoretical models of the 
effect of AGN activity in the evolution of galaxies and the actual 
observed AGN. 
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